Yields of extracted substances, as well as total phenol and flavonoid compounds obtained by classical and ultrasonic extractions from dry leaves of two tobacco types (oriental and Virginia) by two different solvents (acetone and methanol) at two operating temperatures (25 and 40 o C) were compared. The yield of extractive, as well as total phenol and flavonoid compounds depended on the type of solvent, operational temperature and the tobacco type. The importance of these factors was assessed using 2 4 full factorial experiments without replication. full factorial experiments without replication.
Tobacco (Nicotiana tabacum L.) leaves are the basic raw materials for cigarettes, directly influencing their quality and style, but are also highly appreciated material for perfumes, cosmetics and pharmaceuticals [1a] . Tobacco leaf is rich in polyphenols, which affect its color and quality [1a-1e] . Wang et al. extracted dry tobacco leaves with methanol through microwave-assisted technology and reached a total polyphenols yield of 22.4 mg/g (dry weight) [1a] . The yield of polyphenols from tobacco leaves extracted with 80% aqueous ethanol in the presence of ultrasound (40 kHz, 15 minutes, room temperature), reached 23.6 ± 2.3 mg/g dry weight [1e] . The present study deals with the effects of extraction conditions on the yields of total phenolic content and flavonoids from dry tobacco leaves. Both silent and ultrasound-assisted extractions were used to study the recovery of total extracted substances, phenols and flavonoids from oriental and Virginia tobacco leaves by methanol and acetone at 25 and 40 o C. The statistical significance of extraction conditions was evaluated by 2 4 full factorial experiments without replication.
As seen in Table 1 , all four factors affected the yields of total phenolic content and flavonoids obtained after a 20 minute extraction from dry tobacco leaves. Independently of the recovery technique, operating temperature and tobacco type, methanol provided much higher extractive yields than acetone. The increase of extraction temperature slightly affected the extractive yields from both tobacco types, while the ultrasound-assisted extraction provided higher extractive substance yields than the classical method, approximately 8 and 24% in the case of oriental and Virginia types of tobacco, respectively. The data given in Table 1 show also that the extracts obtained by classical extraction had higher amounts of phenolics than those obtained by ultrasound extraction. These results confirmed the previously reported benefit of ultrasound action for extraction from plant materials [2a-2c] . This was explained by oxidation and degradation of some compounds either during sonication or at a higher temperature [2c].
The major results of the analysis of variance (ANOVA), used for screening out the important factors, are given in Table 2 . The experiment was not replicated, so the residual variance was determined based on the variance of threeand four-way interactions. That these interactions could be included in the residual variance, it was checked by the Bartlett's test for homogeneity of variances. Bartlett's test statistics of 0.87, 8.53 and 0.55 in the case of yield of extract, and total phenolic and flavonoid content were respectively smaller than the upper critical value of the chi-square distribution with four degrees and with a significance level of 0.05 ( 2 05 . 0 ; 4  = 9.49). Thus, the variances of three-and four-way interactions were judged to be equal. The obtained results confirm that for the total phenolic content, the important factors, with the significance level of 0.05, are the tobacco type, the type of solvent and the operational temperature, while the effects of the extraction technique are ignorable. All four factors, as well as the interaction of factors A and D and factors B and C are important, with the significance level of 0.05 in the case of the total flavonoid content.
Experimental
Plant materials: Dry oriental and Virginia tobacco (Nicotiana tabacum L.) leaves harvested in Bulgaria and Brazil, respectively, were used; moisture contents of dry tobacco leaves, determined by drying at 105°C to constant weight, were 6.7 and 7.2%, respectively. at 4°C. The plant material (5 g) and extraction solvent (50 mL) were put in Erlenmayer flasks (100 mL) and placed in an ultrasonic cleaning bath (Sonic, Niš, Serbia; total nominal power: 3 x 50 W; and internal dimensions: 30 x 15 x 20 cm) operating at a frequency of 40 kHz. Sonication was performed in 20 mins. The bath was filled with distilled water up to 1/3 of its volume (about 2.5 L). The extraction was carried out at 25 and 40°C. The temperature was maintained (± 0.1°C) by water circulating from a thermostated bath by means of a pump. The classical extraction was carried out with the ultrasound power switched off. At the end of the extraction procedure, the liquid extract was separated from the solid residue by vacuum filtration. The solid residue was washed twice using fresh solvent (20 mL). The filtrates were collected, the solvent evaporated in a rotary vacuum evaporator at 40°C. Each experiment was carried out in duplicate.
Determination of total phenolic and total flavonoid contents:
The total phenolic and flavonoid contents of the extracts was determined by the Folin-Ciocalteu method [3a] and aluminum chloride colorimetric method [3b] respectively. Results were expressed as means of 3 replicate measurements. 
